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INTRODUCTION AND SUMMARY 

The second semiannual r epor t  covers the per iod from 
1 October 1965 through 30 Apr i l  1966, w i t h  some re ference  t o  
the pe r iod  from the i n i t i a t i o n  of the p r o j e c t  through 
30 September 1965. 

We a r e - s t u d y i n g  the poss ib le  effects of exposure t o  d i f f e r e n t  
gaseous atmospheric mixtures for various per iod  of t i m e  upon the 
free amino acids and on the  biogenic  amines, e s p e c i a l l y  s e r o t o n i n  
( 5-hydroxyt - tdne  1 , presen t  i n  ra t  b r a i n s  , 

'%e first year 5,as been essentially devoted tc development 
of methodology, These e f f o r t s  may be divided i n t o  f i v e  ca t egor i e s :  

I. Experimental  Design 

The experiment has been designed t o  gain as much i n f o m a -  
t i o n  as p o s s i b l e  f r o m  a small number of experimental  animals. 
This has requi red  development and a p p l i c a t i o n  of s e n s i t i v e  
and s o p h i s t i c a t e d  experimental  techniques and data processing.  

I f  , Instrumentat ion 

t o  be u n s a t i s f a c t o r y  f o r  our  analyses  of rat  b r a i n  t i s s u e s ,  
We have modified it t o  i n c r e a s e  its u t i l i t y .  Considerable 
t i m e  has been s p e n t  s tandard iz ing  the  120=C,  S tandard iza t ion  
of t h e  M n c o  Bowman Spectrof luorophotometer f o r  s e r o t o n i n  
a n a l y s i s  has been rou t ine  , 

The Beckman 120-C Amino Acid Analyzer as de l ive red  proved 

I11 . Exposure and Tissue Preparat ion Procedures 

Due t o  t h e  s e n s i t i v i t y  o f  the 1 2 0 - C ,  w e  have been forced  
t o  modify t he  recommended procedures f o r  t i s s u e  p repa ra t ion  
t o  be used  f o r  amino acid ana lys i s  i n  o rde r  that w e  may work 
accu ra t e ly  w i t h  smaller t i s s u e  samples. I n  so doing, w e  have 
developed s p e c i a l  glassware The procedures of t i s s u e  prep- 
a r a t i o n  f o r  biogenic  amine ana lys i s  a l s o  needed modif icat ion,  
We have cons t ruc ted  animal exposure chambers i n  our  labora- 
t o r y  which are s a t i s f a c t o r y  for exposures up t o  approximately 
24 hourss  We have obtained b r a i n  material from animals 
exposed f o r  long terms a t  NASA Ames Laborator ies .  

I V .  Resul t s  and Discussion 

Experimental  r e s u l t s  t hus  f a r  are p r imar i ly  q u a l i t a t i v e  
rather than q u a n t i t a t i v e  They have been p r i n c i p a l l y  con- 
cerned w i t h  developing d e t a i l s  of experimental  methodology 
and are discussed i n  t h i s  context.  We have found f i f t y  
d i f f e r e n t  ninhydrin-posi t ive substances i n  rat  b r a i n  ex- 
t rac t s  a 

and %tentatively i d a n t i f i e d  seve ra l  o the r s  Q u a n t i t a t i v e  base- 
l i n e s  f'or normal, or con t ro l ,  a n i m a l s  are being established 
fo r  amino acids and amines. 

O f  these, w e  have p o s i t i v e l y  i d e n t i f i e d  twenty-seven 
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V, Data Analyois 

1620 computer f o r  handl ing massive amounts of data, We have 
developed prdgrams fo r  a n a l y s i s  of some of our  data and are 
w r i t i n g  other-programs 

We have been f o r t u n a t e  i n  obtaining the use of an IBM 

Some funds have not  y e t  been expended and are being 
carried over, These funds w i l l  be used t o  f inance  the 
re sea rch  on a continuous b a s i s  u n t i l  the  second yea r ' s  funds 
are reieaaed after Oke begiriiiiilg cf the f i s ca l  year, 

on t h e  basis of this y e a r ' s  p i l o t  s t u d i e s ,  
y e a r ,  a l l  e f f o r t s  w i l l  be channeled i n t o  implementation of 
this design,  

The details  of experimental  design have been formulated 
During the  next  

I = EXPERIMENTAL DESIGN 

Changes i n  behavior of mammals  are correlated with changes 
i n  c e r t a i n  biogenic  amines and amino acids, p a r t i c u l a r l y  
s e r o t o n i n  , epinephrine , nor-epinephrine , and GABA ( amma- 
aminobutyric acid, [ R e f E n c e s :  Eiduson, S o ,  G a l l e h ,  
Yuwiler, A, ,  and Eiduaon, B e  T , ,  Biochemistry and Behavior, 
Van Nostrand, New York, 1 9 6 4 ;  de Fopp, R. S o ,  and F u r s t ,  A,, 
"Biochemical and Behavior Effects of Some S u b s t i t u t e d  Trypto- 
phans," To be publ ished,]  

are knowno Their precursors  are c e r t a i n  amino acids, These 
pathways are e luc ida ted  i n  Appendix I ,  

Should changes i n  the bra in- leve ls  of these amines be 
altered by varying the atmosphere the  animal breathes, the  
mani fes ta t ions  w i l l  be d i f f e r e n t  behavior p a t t e r n s  
it is  poss ib l e  t h a t  the first chemically detectable changes 
on theaebiogenic  amines w i l l  be noted i n  precursor  amino acids, 

an explora tory  i n v e s t i g a t i o n  of the effect  of '  atmospheric 
condi t ions  bn both brain-amine and brain-amino acid l e v e l s  
I n  a d d i t i o n ,  behaviora l  s t u d i e s  are poss ib l e  , 

l engths  of t i m e ;  t h e i r  b ra ins  are removed and analyzed f o r  
b iogenic  amine and amino acid content,, 
tz statistical analyeis, The animals may be subjec ted  t o  
c l a s s i c a l  behaviora l  measures of random and purposive 
behavior before  and a f t e r  exposure t o  t h e  experimental  
atmosphere 

The biochemical pathways f o r  formation of these compounds 

Fur ther  , 

An o v e r a l l  experimental  design was adopted w h i c h  allows 

R a t s  are exposed t o  varying gaseous mixtures f o r  d i f f e r e n t  - 
The data are s u b j e c t e d  
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Male rats , of Long-Evans and Sprague-Dawley s t r d n s  , are 
used, 
amenable t o  behavioral  procedures,  bu t  Sprague-Dawley animals 
are a v a i l a b l e  which have been exposed t o  condi t ions beyond 
t h e  c a p a b i l i t i e s  of t h i s  labora tory ,  
ined  t o  determine the  e f f e c t s  of s t r a i n  d i f f e r e n c e ,  

The Long-Evans animals tend t o  be more hardy and more 

The data w i l l  be exam- 

Five animals c o n s t i t u t e  the sample f o r  each exposure 
condi t ion ,  The condi t ions  can be r e p l i c a t e d  i f  l a r g e r  samples 
are requ i r ed  for any reason. 

I n i t i a l  exposares i r i  100% 02 w i l l  be made i n  ear Mmra- 
tory for per iods  of 6 ,  1 2 ,  1 8  and 24 hours ,  Data from these 
exposures and from chronic  exposures made a t  NASA Ames w i l l  
be analyzed f o r  effects of exposure length  on amine and amino 
acid q u a n t i t i e s  and balances.  A f u r t h e r  a n a l y s i s  may be 
made, i f  the  data so i n d i c a t e s  , on poss ib l e  acc l ima t i za t ion  
effects i n  chronic  exposures,  Other exposures w i l l  be made 
with o t h e r  gaseous mixtures inc luding  v o l a t i l e  a n e s t h e t i c s  
and 0 2  4 i n e r t  gases. 
be decided after prel iminary s t u d i e s ,  
compared t o  thoseof 1 0 0 %  O2 exposures and the  data examined 
f o r  t h e  effects of varying gaseous mixtures ,  
analyzed f o r  r e l a t i o n s  between amines and t h e i r  precursor  
amino acids, 

The lengths  of these exposures w i l l  
The r e s u l t s  w i l l  be 

A l l  data w i l l  be 

Behavioral  s t u d i e s  present ly  contemplated are comparisons 
of t o t a l  a c t i v i t y  and purposeful  a c t i v i t y ,  and t h e  effects 
upon those of t he  experimental  condi t ions . Total a c t i v i t y  
w i l l  be  measured by a simple i n t e g r a t i n g  a c t i v i t y  cage. 
Purposeful  a c t i v i t y  w i l l  be measured by t r a i n i n g  the animal 
t o  perform a simple t a sk  which can be measured by t h e  number 
of performance8 or by the a c t i v i t y  expended fo r  performanceo 
The la t te r  measure i s  prefer red ,  as a direct  comparison can 
then be made between general  and s p e c i f i c  a c t i v i t y ,  These 
a c t i v i t y  measures w i l l  t hen  be related t o  t h e  exposure con- 
d i t i o n  and the  chemical measures, We do not  expect  t h a t  
t h i s  design w i l l  need any f u r t h e r  modif icat ion,  as a l l  pre- 
l iminary s t u d i e s  and t r a i n i n g  of personnel  a r e  e s s e n t i a l l y  
completed . 

I1 - INSTRUMENTATION 

The t i m e  f a c t o r  i n  t he  i n s t a l l a t i o n  of the Beckman 120-C  
Amino Acid Analyzer was discussed i n  t h e  previous semiannual 
r e p o r t  . Immediately fol lowing the w r i t i n g  of t h a t  repor t ,  
i t  was discovered t h a t  t h e  instrument needed modif icat ion 
in order t o  be of use to usc Rat b r a i n  t issues conta in  
d n o  acids whose q u a n t i t a t i v e  r a t i o s  may be on the order 
of l O O n l  or g r e a t e r ,  We found it necessary t o  change the  
s e n s i t i v i t y  of the  a t t enua ted  channel of the  co lor imeter  i n  
o rde r  t h a t  high and low concentrat ion amino acids could be 
measured s imultaneously,  A t  t h e  same t i m e  w e  made s e v e r a l  
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other modif icat ions which reduce the t i m e  that  an opera to r  
must be i n  attendance during an  a n a l y s i s ,  
a d i scuss ion  of t h e s e  changes f o r  submission f o r  pub l i ca t ion ;  
a d r a f t  of t h i s  discuaaion is included as Appendix 11, 
Copies will be submitted i n  t h e  u s u a l  manner when the  
manuscript  is i n  f i n a l  forme 

Recently,  mold contamination has been a problem, 
i n  t h e  buf fers  blocks t h e  i o n  exchange r e s i n  column, leading  
t o  p r o h i b i t i v e  pressures, The inst rument  must then be 
tu rned  off ,  t h e  r e s i n  cleaned, and the new s t anda rd iza t ion  
established, We have t r i e d  several mold i n h i b i t o r s  i n  
search  of one which allows continuous opera t ion ,  Caprylic 
acid is p resen t ly  being used and has given the best r e s u l t s  
t o  d a t e ,  

We are prepar ing  

Mold 

S l i g h t  problems w i t h  t h e  r e l i a b i l i t y  of the Adnco 
Bowman Spectrofluorophotometer were solved by s u b s t i t u t i n g  
more modern s o l i d  state rectifiers i n  the  photomul t ip l ie r  
power supply , 

I11 - EXPOSURE AND TISSUE 
PREPARATION PROCEDURE 

A n i m a l s  are exposed in our labora tory  i n  chambers con- 
s t r u c t e d  from 250 mm desiccators, Two desiccator exposure 
chambers are connected i n  p a r a l l e l  t o  a s i n g l e  gas input, 
and exhaust  through s e p a r a t e  gas flowmeters An a d d i t i o n a l  
200 mm des i cca to r  houses an aquarium aerator pump which 
circulates t h e  conten ts  of the two exposure desiccators 
through a closed loop containing NaOH t o  absorb excess CO 
concentrated H2S04 t o  absorb excess H 2 0 ,  and CaO t o  absor 
H2SOb fumes, 

8' 

Diagram 1 

EXPOSURE APPARATUS 

1 
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The animal is  supported on a sc reen  which allows u r i n e  
and feces t o  f a l l  t o  t h e  f l o o r ,  Food is  placed i n  the chamber 
a t  t h e  beginning of the exposure unless  the animal i s  t o  be 
f a s t e d ,  Drinking water is a v a i l a b l e  ad l i b i tum from a s t a i n -  
less steel dr inking tube from an extarna-ner, 
equipment can expose two 3 5 0  g r a t a  p e r  desiccator f o r  per iod 
up to_.12 hours and one pe r  des i cca to r  f o r  per iod  up t o  24 hours ,  

This 

The t i s s u e  prepara t ions  f o r  b iogenic  amines w e r e  r epor t ed  
i n  the firat  semiannual r e p o r t ,  E s s e n t i a l l y ,  t h i s  procedure 
extracts the  d r i e s  from the t i s s u e  i n  aquaous H C 1  s o l u t i o n  
from =hi& they are +ernoved by d i f f s r e n t i a l  s o l u b i l i h j  using 
varying s o l u t i o n s  f o r  t h e  var ious amines. 
t i o n  of the earlier repor ted  technique i s  t h a t  w e  homogenize 
the t i s s u e s  wi th  an u l t r a s o n i c  probe (Biosonik 11, Bronwill  
S c i e n t i f i c  Coo 1 . 

The only modifica- 

We have modified the. p i c r i c  acid method of SPACKMAN, STEIN 
AND MOORE for e x t r a c t i o n  of free d n o  acids from b r a i n  t i s s u e .  
[Reference: Spackman, D. H,, S t e i n ,  W ,  H e ,  and Moore, S o ,  
Anal, Chem,  3 0 ,  1190 (1958); Agrawal, H, C , ,  Davis, Jimmie M . ,  
and Hiwich ,a i l l i amha ,  A, , t o  be published. 1 

We have designedtwo p ieces  of glassware f o r  t h i s  procedure 
t o  reduce the chance of error and speed the  processo  
cedure is  as follows: 

Our  pro- 

1, Use one-half ra t  b r a i n  f rozen  i n  LN and s t o r e d  
on dry ice, 

2 ,  I n  1 5  m l  c en t r i fuge  tube,  add t o  t i s s u e  p i c r i c  
acid t o  13 ml, 

3 , Homogenize u l t r a s o n i c a l l y  us ing  5/32 i n  "needle" 
probe 1 min, 

4, Centr i fuge 30 sec, rehomogenize 3 0  sec. 
5 ,  Centr i fuge 5 min a t  1500 RPM. 
6 ,  Remove superna tan t  and save ,  
7 ,  Add H20 t o  cen t r i fuga te  i n  tube  t o  1 0  ml. 
8 ,  Homogenize 30 sec, cen t r i fuge  5 min as before ,  
9, Remove superna tan t  and add t o  prev ious ly  c o l l e c t e d  

superna tan t  i n  beaker, 
1 0 ,  Add about 5 g Dowex 2x8 of 2x10 t o  remove yellow 

i m p u r i t i e s  , 
11, F i l t e r  s l u r r y  i n  s p e c i a l  f i l t e r  through E E D  #613 f i l t e r  

paper d i r e c t l y  i n t o  V i r t i s  l y o p h i l i z a t i o n  jar ,  
5 t i m e s  w i th  4 m l  0.02 N H C 1 .  

Wash 
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Vacuum F i l t e r  f o r - u s e  with,  Lyophi l izat ion Jar 
:- 

(This f i l t e r  saves one transfer of sample for each use; t h i s  
reduces volume t o  be lyophi l ized  by negat ing need f o r  washing 
ou t  a transfer conta iner ,  1 

Lyophilize t o  a volume of about 5 m l ,  
1 2 ,  Add 4 g C s l i t e  t o  remove suspended so l id s ,  f i l t e r  

again i n t o  special flask,  

2 
c 
'1 

Calibrated Flask fo r  Lyophi l izat ion 

(This f l a s k  e l imina te s  one t r a n s f e r  of sample and allows a 
small sample t o  be made r e l a t i v e l y  undi lu ted  by washings,)  

13.  

1 4 ,  Add about 0.5 m l  sample d i l u t i n g  b u f f e r  (pH 2 * 2 ,  

Lyophilize wi th  special  f l a s k  i n  l y o p h i l i z a t i o n  
j a r  t o  about 1 m l ,  

Beckman 120-C operat ing manual). 
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1 6 ,  
1 7  
l a .  

Shake on mechanized shaker  5 min with t o p  on 

Centrifuge 5 d n  a t  500 RPM. 
Bring volume t o  2.00 m l ,  
Aliquots of t h i s  sample may be appl ied  d i r e c t l y  
t o  t h e  column of t h e  120-C. 

f 1-k 

IV - EXPERIMENTAL RESULTS 

We have determined t h a t  there is no d i f f e r e n c e  i n  amino 
acid content  o f  t i s s u e  subjec ted  t o  LN and s t o r e d  on dry ice 
from that of t i s s u e  prepared immediately after sacrifice. 
This allows g r e a t e r  f l e x i b i l i t y  of schedules ,  For procedural  
s o p h i s t i c a t i o n ,  however, a l l  tissues w i l l  be LN f rozen  be fo re  
p repa ra t ion  , 

Preliminary s t u d i e s  w e r e  made exposing rats t o  1 0 0 %  02 
a t  760 mm Hg. With our equipment t he  maximum r e p l i c a b l e  
exposure f o r  each of two chambers which does not  produce 
no t i ceab le  lung edema o r  o the r  phys io logica l  malfunction is  
2 4  hours for one animal. With two rats pe r  chamber, 1 2  hours 
is the maximum. I n  longer  exposures t h e  chambers become 
befouled w i t h  u r ine , .  feces, and metabol ic  H z O ,  
r e q u i r e  mul t ip l e  chambers for each animal w i t h  air locks f o r  
t r a n s f e r r i n g  the a n i m a l  between drambere. Such complex 
exposure equipment is i n  u s e  a t  NASA Ames Laborator ies .  

and M r ,  Gerald Brooksby at  the  NASA Ames Laborator ies  w e  are 
able t o  ob ta in  b r a i n  material from animals subjec ted  t o  
chronic  exposures t o  1 0 0 %  02 and o t h e r  gaseous mixtures.  
These animals are u s e d  f o r  other purposes i n  the i r  labora- 
t o r y ,  so they provide a cos t - f ree  bonus t o  t h i s  p r o j e c t .  
b r a i n  is removed a t  Ames by our t echn ic i an  immediately after 
sacr i f ice ,  f rozen  on LN and stored on dry ice  f o r  f u r t h e r  
p repa ra t ion  i n  our labora tory ,  
t o  c o r r e l a t e  t h e i r  f ind ings  on these animals w i t h  ou r s ,  

Long exposures 

Through the  cooperation of D r ,  H. P o  Klein,  D r .  H, Leon, 

The 

We hope a t  some la ter  date 

The rat  b r a i n s  w e  have used conta in  between 1,s g and 
1 . 9  g of t i s s u e .  A midventral  d i v i s i o n  of the b r a i n  i n t o  
approximately equal  po r t ions  t h e r e f o r e  produces a minimum 
of 0.70 g of t i s s u e ,  This quan t i ty  of material has been 
found s u f f i c i e n t  f o r  one ana lys i s  f o r  amines (two determin- 
a t i o n s )  , or f o r  two analyses  f o r  amino acids , Thus , f i v e  
animals make a s u f f i c i e n t l y  l a r g e  sample f o r  explora tory  
research of t h i s  type ,  Y e t ,  by i d e n t i f y i n g  the samples, 
direct  comparisons can be made between the amine and amino 
acid content  of the  b r a i n  of any i n d i v i d u a l  animal, 
w i l l  allow direct  comparison of “ne behavior aid the zl~zm- 
i s t r y  of each animal. 

The first exposure of a n i m a l s  t o  1 0 0 %  02 a t  760 mm 
Hg has been made. 
Ten Sprague-Dawley males were exposed a t  Ames, 
survived the f u l l  7 2  hours ,  There were t e n  ,cont ro ls  i n  

T h i s  

The procedure w a s  as previously discussed.  
Only three 
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similar exposure chambers, breathing ambient atmosphere , 
The analyses  of t i s s u e  from t h e s e  t h i r t e e n  animals is i n  
progress  , 

S u p e r f i c i a l  examination of the chromatograms from t h e  
Beckman 1 2 0 4  Analyzer for  seve ra l  of these animals does , 
however, g ive  some u s e f u l  information, A l l  of the analyses  
thus far have been performed on c o n t r o l  animals,  The chro- 
matograms are extremely similar, i n d i c a t i n g  l i t t l e  v a r i a t i o n  
among animals, There is a no t i ceab le  c o r r e l a t i o n  observable  
i n  s u p e r f i c i a l  scanning of the chromatograms between t h e  
m c m t s  =f the zest sasi2p astimated d n c  acids a d  the 
weight of b r a i n  t i s s u e  analyzed. 
although t h e  instrument  has been modified and the  r e s i n  
has  needed cons tan t  c leaning ,  the ins t rumenta l  r e l i a b i l i t y  
i s  good fo r  b r a i n  t i s s u e  analyses ,  It w a s  determined and 
previously repor ted  t h a t  ins t rumenta l  r e l i a b i l i t y  between 
analyses  w a s  e x c e l l e n t  fo r  an a r t i f i c i a l  s t anda rd iz ing  
mixture a 

This i n d i c a t e s  t h a t ,  

Since modif icat ion of t h e  120-C, w e  have made complete 
ana lyses  of the  amino acid content of t h e  b r a i n  t i s s u e  of 
twelve rats of a l l  t ypes ,  These inc lude  f o u r  Sprague- 
Dawley male c o n t r o l s ,  s i x  Long-Evans male c o n t r o l s ,  and 
two Sprague-Dawley su rp lus  animals,  O f  the last  eight 
mentioned, s i x  analyses  cannot be q u a n t i t a t e d  because of 
u n s a t i s f a c t o r y  cons tan ts  for data reduct ion.  
however, use t h e s e  data f o r  q u a l i t a t i v e  work, i nc lud ing  
c a l c u l a t i o n  of r e l a t i v e  concentrat ions of amino acids f o r  
each animal. Quan t i t a t ive  estimates i n d i c a t e  t h a t  the  
r e s u l t s  p a r a l l e l  those  of other workers, CShaw, R, K O  , 
and Heine,  J, D , ,  J, Neurochem,, 1 2 ,  1 5 1  (1965); I n  
Holden, J. T. ,  e d , ,  Ami no A c i d  P o x s ,  E l s e v i e r  Publ ishing 
C o o ,  New York, 1962; Mussine, E., and Marcucci, F o ,  
Tree A d n o  Acids After Treatment wi th  Psychotropic Drugs ," 
p ,  486; Tal lan ,  H, H , ,  "Free Amino A c i d s  i n  Brain After 
Administration of Imipramine, Chloropromazine , 'and Other 
Psychotropic Drugs," p, 465; Agrawal, Davis, E H i m w i c h ,  
personal  communication. 3 

grams, 50 ninhydrin-posi t ive substances ( l i s t e d  on the  follow- 
i n g  page) , 
r epor t ed  by o t h e r s  except  i n  the SHAW AND HEINE l i t e r a t u r e ,  
This may be due t o  the  f a c t  t h a t  the  Beckman 120-C, being  
a newer instrument  than  those a v a i l a b l e  t o  o t h e r  researchers, 
is  more s e n s i t i v e ,  We doubt t h a t  it is  due t o  the  method 
of t i s s u e  prepara t ion ,  Our method is  e s s e n t i a l l y  similar 
t o  tha t  reported by o the r s  w i t h  the  except ion that w e  have 
l a r g e l y  e l imina ted  des t ruc t ive  enzyme a c t i o n  through LN 
f r e e z i n g  of f reah t i s s u e  , 

Of the 50 substances w e  have noted,  we have i d e n t i f i e d  
27 by comparing t h e i r  e l u t i o n  t i m e s  w i t h  t hose  of known 
s tandards ,  We f i n d  t h a t  these i d e n t i f i c a t i o n  do n o t  

We can, 

From these analyses  w e  have noted as peaks on chromato- 

This is  a considerably g r e a t e r  number than  



contradict  those  i n  o t h e r  researchers' pub l i ca t ions  . We 
have made t e n t a t i v e  i d e n t i f i c a t i o n s  of 7 o t h e r  subs tances ,  
but t h e s e  w i l l  have t o  be confirmed i n  t he  same manner. 

Of t h e  16 unknown peaks there are 3 which have ap- 
These peared o n a t  least two b u t  not a l l  chromatograms. 

t end  t o  be the  chromatograma on which peaks are best 
def ined and d i f f e r e n t i a t e d .  These substances do no t  
appear i n  a u f f i c i e n t  amount t o  allow the p o s s i b i l i t y  of 
q u a n t i f i c a t i o n  from a s ingle  b r a i n  sample. ?hey may be 
i d e n t i f i a b l e  if they  prove not t o  be artifacts. 

t h e  data w e  have gathered t h u s  fa r ,  2 appearing i n  t h e  
a n a l y s i s  of t i s s u e  from Long-Evans animals and 2 from 
Sprague-Dawley, Although these 4 substances a l s o  are 
p r e s e n t l y  unquant i f iab le ,  we w i l l  a t tempt  t o  i d e n t i f y  
them i f  they continue t o  prove s t r a i n - s p e c i f i c ,  

There are 4 more peaks which are s t r a i n - s p e c i f i c  i n  

NINHYDRIN-POSITIVE SUBSTANCES I N  RAT BRAIN 

N a m e  i n  CAPS i n d i c a t e s  p o s i t i v e  i d e n t i f i c a t i o n .  
N a m e  i n  lower case i n d i c a t e s  t e n t a t i v e  i d e n t i -  

f i c a t i o n .  

1 0  
20 

4. 
5 ,  

60 
7, 
80 

90 
10 0 
11 I 
1 2 0 

13 o 

14 o 

15 0 

16 

3 0  

17 o 

18, 

19 0 

20 0 
2i0 

unknown 
phosphoserine 
gly cerophosphoethanolamine 
PHOSPHOET"OLAM1NE 
unknown (440 mp only - 
phosphohydroxyhroline 3 
TAURINE 
UREA 
unknown (Long-Evans s t r a i n  
only 1 
unknown 
unknown 
unknown 
unknown, unce r t a in  (Sprague- 
Dawley s t r a i n  only 
ASPARTIC ACID 
T H E  ON INE 
SERINE 
glutamine and/or asparagine 
(may be t w o  u n d i f f e r e n t i a t e d  
peaks 1 
GLUTATHIONE (occas iona l ly  
broad,  underlying 13-20) 
unknown (may be second 
giutathione peak; 
PROLINE (440 mp only) 
GLUTAMIC ACID 

46. HISTIDINE GLYCINE 

ALANINE 
unknown 
unknown 
unknown,. unce r t a in  
VALINE 
CYSTEINE 
Buffer change peak , 
may be fused  w i t h  
unknown trace 
CYSTATHIONINE 
unknown 
METHIONINE 
unknown 
ISOLEUCINE 
LEUCINE 
unknown ( Long-Evans 
s t r a i n  only)  
TYROSINE 
PHENYLALANINE 
a -a lan ine  
a - d n o i s o b u t y r i c  acid 
CABA 
ORITHINE 
ethanolamine 
AYMO?!IA (often can= 
taminated from atmosphere) 
unknown, u n c e r t a i n  
( Sprague-Dawley only)  

47 b unknown, unce r t a in  
48, CARNOSINE 
49. TRYPTOPHAN 
50 ,  ARGININE 
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V - DATA PROCESSING 

A t  p re sen t ,  f i f t y  amino acid and related compounds have 
been noted on chromatograms of rat b r a i n  t i s s u e .  The calcu- 
l a t i o n  of the amounts of t hese  compounds a lone  would r e q u i r e  
cons iderable  e f f o r t  if done on an o f f i c e  c a l c u l a t o r ,  We have 
been f o r t u n a t e  i n  ga in ing  access t o  an IBM 1 6 2 0  Computer f o r  
reduct ion  of t h i s  and o t h e r  data.  We have w r i t t e n  and tested 
f o u r  programa €or  analyzing the data from these chromatograms. 
These are presented i n  Appendix 111. Fur ther  program8 are 
being wr i t t en  to analyze t h e  raw data from the  amine determine 
a t iona  i n  t h e  same manner. Others w i l l  be w r i t t e n  o r  obtained 
from t h e  program l i b r a r y  t o  analyze the  s i g n i f i c a n c e  of dif-  
f e rences  w h i c h  may be found t o  be correlated w i t h  such d i f f e r e n t  
experimental  parameters such as atmosphere , l enght  of exposure,  
and s t r a i n  of animal,  

Program ICBAA1. c a l c u l a t e s  t h e  ins t rumenta l  cons tan t  f o r  
each amino acid f r o m  raw data taken from chromatograms and the 
amount of sample i n  each s t anda rd iz ing  a n a l y s i s ,  The output  
f r o m  t h i s  program is  a deck of punched cards conta in ing  the 
cons tan ts  f o r  each amino acid su i tab le  f o r  i n c l u s i o n  as i n p u t  
t o  Program ICBAA3, The recovery f o r  each amino acid w i l l  be 
recorded on these cardsa 

Program ICBAA2 compiles data f o r  Program ICBAA3 i n  a 
form which g r e a t l y  reduces cunning t i m e  f o r  the la t te r  program. 
The two programs may be cdmbined i f  it is found t h a t  t he  
s t o r a g e  capac i ty  of the 1620 t o  which w e  have access i s  great 
enough , 

of each d n o  acid i n  each t i s s u e  sample i n  an experimental  
group, 
each such amount over the experimental  group and p r i n t s  o u t  
the  r e s u l t s  i n  a table,  i d e n t i f y i n g  each va lue ,  
t h i s  program is  the r a w  d a t a  from the chromatogram, the anima1 
number, the  b r a i n  weight ,  t h e ' f r a c t i o n  of t o t a l  t i s s u e  e x t r a c t  
analyzed f o r  each chromatogram, t h e  recovery value for  each 
amino acid, and a table of ins t rumenta l  cons tan ts  f o r  each 
amino acid, 
of all amino acids i n  the prapara t ion  procedure,  
t i o n  w i l l  be made except  where recovery values  can be calcu- 
la ted ,  
as soon as they are a v a i l a b l e  f o r  any amino acids, 

Program I C B M 3  calculates the amount i n  pM/g b r a i n  t i s s u e  

I t  a l s o  c a l c u l a t e s  the  mean and s tandard  dev ia t ion  of 

The inpu t  t o  

The program as now w r i t t e n  assumes NO% recovery 
This assump- 

The program w i l l  be modified t o  u t i l i z e  these recove r i e s  

Program ICBAA4 c a l c u l a t e s  the cross-product r a t i o  between 
each amino acid and other amino ac idsacross  each animal and 
across  the average f o r  an exposure and p r i n t s -  t h i s  o u t  i n  a 
table,  The inpu t  t o  t h i s  program i a  the output  of Program 
IZBAA3, Values for amines can be included as irip'ci*, 

All i n p u t  data i s  recorded on mark-sense cards by s t u d e n t  
h e l p  and is machine-punched: 
occas iona l ly ,  - f o r  information conclusion t o  be placed on 
p r in t -ou t ,  
i n  t a b u l a r  form, e l imina t ing  f u r t h e r  data recording,  

Thus keypunch is needed only 

All outputs  f o r  human consumption are arranged 
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BRIEF FINANCIAL REPORT 

The following r e p o r t  is  correct as of 1 2  Apr i l  1 9 6 6 :  

Award : $37,022.00  

Personnel, expended through 1 Apri l  $ 1,884,34 

Fringe b e n e f i t s ,  it i f  ff 650,79 

Personnel,  encumbered through 1 May 976,87 

Fringe benefi ts ,  " n 81,75 

Consumable supp l i e s  2,784,51 

Overhead on above 2,875,63 

Beckman 120-C (no O/H) 

TOTAL EXPENSES 

15,588,OO 

$32,841.79 

BALANCE $ 4 , 1 8 0 , 2 1  

Of the balance noted above, approximately $230 has  been 

Mr, Ray H, Sutton a t  -8 has  informed us t h a t  8 balance 

encumbered f o r  s u p p l i e s  sincrs r e c e i p t  of t h a t  r e p o r t ,  

of  t h i s  magnitude may be ca r r i ed  ov0r i n t o  an a d d i t i o n a l  y e a r ' s  
accounting, 
second y e a r ' s  support  t o  be a v a i l a b l e  u n t i l  after 1 Ju ly  1 9 6 6 ,  
w e  p l a n  t o  u t i l i z e  t h e  balance of t h e  funds on hand t o  i n s u r e  
c o n t i n u i t y  of t h e  r e sea rch ,  This w i l l  provide us with approx- 
imate ly  $3 ,250 ,  no t  i nc lud ing  overhead, f o r  two months' r e sea rch ,  
This will restrict  us only i n  t h a t , u n t i l  after r e c e i p t  of funds 
f o r  t h e  second y e a r ' s  research ,  w e  cannot stock l a r g e  amounts 
of s u p p l i e s  and cannot purchase s tandards  t o  be used i n  iden- 
t i f y i n g  t h e  b r a i n  c o n s t i t u e n t s  p r e s e n t l y  u n i d e n t i f i e d ,  

expenses i n  s u p p l i e s ,  as prel iminary s t u d i e s  are e s s e n t i a l l y  
completed and t h e  volume of exposures and analyses  will be 
much greater than i n  t h e  p a s t  y e a r ,  
expenses will occur,  

As w e  do not  expect t h e  funds requested fo r  t h e  

I n  the coming y e a r  we contemplate considerably greater 

No l a r g e  equipment 
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ENSUING RESEARCH 

The second yea r ' s  research w i l l  produce detai led information 
of t h e  effects of atmospheric condi t ions on the  biogenic  amines 
and amino acids of rat  b r a i n s ,  The d s t a i l s  of t h i s  research 
have been covered i n  the previous d iscuss ions  of experimental  
design and techniques developed during the  p a s t  yea r ,  

The opportuni ty  t o  make t h e  behaviora l  s t u d i e s  mentioned 
earlier depends upon the  a v a i l a b i l i t y  of personnel from t h e  
Psychology h p a r t m e n t  This work w i l l  no t  be f inanced f r o m  
funds on this gran t ,  

We w i l l  be analyzing b ra in  t i s s u e  f o r  amino acids on a 
f u l l - t i m e  basis, The speed of these analyses  w i l l  determine 
t h e  frequency of exposures of experimental  groups,  The data 
a n a l y s i s  is so designed t h a t  t h e  b a s e l i n e  of t he  chemistry 
of t h e  b r a i n s  of con t ro l  animals is  gathered simultaneously 
w i t h  t h e  data on experimental  animals. An i n i t i a l  group of 
t e n  c o n t r o l  animals of each s t r a i n  w i l l  provide base l ine  data 
f o r  i n t e r i m  dec i s ions  regarding the  effects of experimental  
condi t ions on the experimental  groups of f i v e  animals each, 
There w i l l  be one o r  two cont ro l  animals provided f o r  each 
experimental  group i n  order t h a t  the base l ine  group be 
enlarged sys t ema t i ca l ly  

condi t ione w i l l  be somewhat f lexible allowing t h e  s e l e c t i o n  
of those which w i l l  m o s t  c l e a r l y  e l u c i d a t e  the biochemical 
e f f e c t s  of the exposures,  o r  most  s t rong ly  suggest  t ha t  such 
effects are n e g l i g i b l e ,  the  primary end of explora tory  
research of t h i s  t ype ,  

Aa previously mentioned, t h e  s e l e c t i o n  of experimental  
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", Formation of Biogenic Amines 

phenyl a i a i n e  tyros ine dopa 

catechol  

amines 

i d o  dopamine 

nor-epinephrine 
I -  

2 ,  

5 = hydroxy t ryp t amine ( S e  r o t  on in)  
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INCREASED AUTOPUTION OF AN AMINO A C I D  ANALYZER 

FOR PHYSIOLOGICAL F L U I D  ANALYSIS 

The new Beckman Amino Acid Analyzer (Spinco Division 

of Beckman Instruments ,  I n c , ,  Palo Alto,  Ca l i fo rn ia )  is  

designed t o  accelerate semiautomatic amino ac id  ana lys i s  by 

izll exchaxge rhranategraphy 0 The p r i n c i p l e  of operation is that 

developed by S P A C K W ,  STEIN AND MOORE (1) and produced a s  t h e  

Model 120-B, 

cuve t t e  assembly (2) f o r  increased s e n s i t i v i t y  and s p e c i a l  ion  

exchange r e s i n s  (3) t o  decrease ana lys i s  t ime, These modifica- 

t i o n s  may be appl ied  t o  t h e  Model 1 2 0 - B  a l s o ,  

cedures suggested f o r  these  instruments (-4,5), i n  conjunction w i t h  

t he  c a p a b i l i t i e s  of  t he  programming equipment, are e s p e c i a l l y  

app l i cab le  t o  automated ana lys i s  of p r o t e i n  hydrolysates  

The automation of t he  ana lys i s  f o r  free amino ac ids  

The newer Model 1 2 0 - C  incorpora tes  a d i f f e r e n t  

The operat ion pro- 

a s soc ia t ed  with phys io logica l  f l u i d s  i s  less complete, 

instrument r equ i r e s  almost constant attendance during the  f i r s t  

s e v e r a l  hours of an ana lys i s ,  

such as f ree  amino ac ids  assoc ia ted  w i t h  rodent b r a i n ,  two 

The 

Further ,  i n  ana lys i s  of samples 

independent determinat ions must be made 

phenylalanine and t y r o s i n e  are  p r e s e n t  i n  q u i t e  low amounts, 

o t h e r s  such as glutamic ac id  and gamma-aminobutyric ac id  a re  

present  i n  r e l a t i v e l y  high amounts (6,7) I f  the  concentrat ions 

of t h e  former i n  the  sample are  s u f f i c i e n t  f o r  accura te  calcu-  

l a t i o n ,  t h e  peak he ights  of the l a t t e r  a r e  recorded beyond t h e  

accurate  range of t h e  c h a r t ,  This n e c e s s i t a t e s  ana lys i s  of the  

sample i n  two d i l u t i o n s ,  

Such compounds as 
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By minor modif icat ions of t h e  programming equipment, f l u i d  

flow and cuvette assembly, it is  p o s s i b l e  t o  record a l l  d a t a  

s imul taneous ly  i n  only  one a n a l y s i s ,  with much less ope ra to r  t i m e ,  

Analysis of phys io log ica l  f l u i d s  by the  method of SPACKMAN, 

STEIN AND MOORE r equ i r e s  t i m e d  b u f f e r  change f o r  each of two chro- 

matographic columns, whereas a n a l y s i s  of p r o t e i n  hydro lysa tes  

r e q u i r e s  timed b u f f e r  change f o r  one column only,  The 120-C  

provides  automatic  timed b u f f e r  change f o r  one column and manual 

b u f f e r  change f o r  t h e  o t h e r ,  Thus, an ope ra to r  i s  r equ i r ed  t o  

make t h e  b u f f e r  change a t  t h e  c o r r e c t  time, which may be up t o  

f o u r  hours a f t e r  i n i t i a t i o n  of a n a l y s i s ,  By i n s t a l l a t i o n  of an 

a d d i t i o n a l  motorized va lve ,  t h i s  b u f f e r  change can be automated, 

r e l i e v i n g  t h e  need of an opera tor  and avoiding t h e  p o s s i b i l i t y  of 

error ,  The motorized va lve  added (Beckman p a r t  No., 313373) 

r ep laces  t h e  manual b u f f e r  change va lve  i n  t h e  f l u i d  flow, a s  

shown i n  Figure 1, In  t h e  1 2 0 - C  programming s e c t i o n ,  it is  

wired according t o  Figure 2 ,  A fou r -po le  double throw swi tch ,  

SX1, i s  employed t o  select  the  va lve ,  and thus the  b u f f e r  system, 

t o  be c o n t r o l l e d  by t h e  b u f f e r  change timer provided wi th  the  

ins t rument ,  Two normally open, spr ing-loaded switches,  SX2 and 

SX3, a r e  provided f o r  manual cyc l ing  of e i t h e r  motor va lve  from 

Buffer  B t o  Buffer A, These a r e  wired so t h a t  t h e  va lve  under 

timed c o n t r o l  cannot a c c i d e n t a l l y  be cyc led  manually dur ing  an 

a n a l y s i s  under automatic con t ro l ,  

The instrument a s  suppl ied  uses  n i t rogen  p r e s s u r e  t o  d r i v e  

the  r egene ra t ing  f l u i d  through the  ion  exchange column, With 

t h e  r e s i n s  f o r  acce le ra t ed  a n a l y s i s ,  regenera t ion  should be 

cont inued u n t i l  NaOH has been d e t e c t e d  a t  t h e  bottom of t he  



-3- 

column (8 ) .  This regenerat ion may extend as  long as  two hours and 

an a d d i t i o n a l  hour i s  needed f o r  e q u i l i b r a t i o n ,  These operat ions a re  

not  automated, thus requi r ing  an ope ra to r ' s  presence f o r  fou r  hours 

a f t e r  i n i t i a t i o n  of an analys is ,  Regeneration and e q u i l i b r a t i o n  

time can be shortened t o  only one hour by pumping t h e  re.generating 

f l u i d ,  NaOH, By i n s t a l l i n g  t w o  manually operated va lves ,  t h e  NaOH 

can be routed t o  t h e  pumps supplying the. columns, as shown i n  

Figure 1, These va lves  may be mounted conveniently on the  s e l e c t o r  

va lve  pane l ,  Valves on t h e  i n l e t  s i d e  of t h e  pumps should be of * 

a l a r g e r  bore than valves  on the o u t l e t  s i d e ,  Small bore va lves  
4 

can be modified by rep lac ing  t h e  s l i d i n g  p i s t o n  with Beckman p a r t  

No, 312247, A l t e rna t ive ly ,  complete l a r g e  bore valve assemblies 

( p a r t  No, 313370) may be i n s t a l l e d .  

The Model 120-C is suppl ied with t h r e e  cuvet tes  f o r  co lo r ime t r i c  

a n a l y s i s ,  

of 6 , 6  mm and 2 , 2  mrn. 

he ight  r a t i o s  of approximately 3 o This r a t i o  provides i n s u f f i c i e n t  

range t o  record both high- and low-concentration compounds accu ra t e ly  

i n  one sample. 

another  modif icat ion,  br inging  peak he ight  of high concent ra t ion  

compounds wi th in  t h e  accura te  range of the  c h a r t ,  

The two which analyze a t  5 7 0  ~JI have o p t i c a l  pa th  lengths  

These provide two-level s e n s i t i v i t y  with peak 

This r a t i o  can be increased  a t  l e a s t  twofold by 

The tubu la r  g l a s s  cuvet te  of the Model 120-B has a s e c t i o n  

with an o p t i c a l  pa th  length of 0 , 7  mm, This cuvet te  a l s o  uses  

an e x t e r n a l  masking s l i t  between t h e  cuvet te  and t h e  lamp of t he  

color imeter ,  The 0 , 7  mm sec t ion  was removed from such a t ubu la r  

cuvet te  and f i t t e d  with 1 2  mm s p h e r i c a l  ground g l a s s  j o i n t s ,  Th i s  
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masking s l i t  has  approximately t h e  same dimensions 

as t h e  2 .2  mm cuve t t e  of t h e  120-C and was i n s t a l l e d  i n  i t s  p l a c e ,  

The masking s l i t  was mounted with a s i n g l e  screw i n  o rde r  t h a t  

it might be removed e a s i l y  f o r  modifying i t s  dimensions a s  needed, 

With t h i s  modif ied-0.7 mm cuve t t e  and a masking s l i t  s i z e  of 

8 x 1 mm, a peak h e i g h t  r a t i o  of  approximately 6 is  achieved, 

Table 1 gives  comparative da ta ,  

Research requirements o f t e n  exceed t h e  c a p a b i l i t i e s  of 

product ion ins t rumenta t ion .  With these  modi f ica t ions ,  t h e  Beckman 

1 2 0 - C  Amino Acid Analyzer is made more s u i t a b l e  f o r  automated 

phys io log ica l  f l u i d  a n a l y s i s  . 
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Table 1 

Heights and ra t ios  of peak h e i g h t s  f o r  570 mu cuvet tes  of  
r e n r e s e n t a t i v e  amino acids  

Before Modif icat ion After Modif icat ion 
Amount Heighta Rat io  Heighta Ratio 

UM horrnal Attenuated N o r m / A t t  Rormal - Attenuated  N o r m / A t t  -- Sample 

GTtrt?rmic A..Cld @,IO 244  80 - ” -  z - n g  2 5 4  41 6,19 
0.10 250 83 3.01 237 39 6,O8 

Aspartic Acid 0010 336 113 2.97 380 63 6,04 
0,lO 380 128 2,97 - * 

Tyrosine 0010 232 77 3.01 246 40 6,15 
0.10 240 79 3.04 244  40 6,lO 

Phenylalanine 0.10 222  73  3,04 252 38 6,64 
0,lO 233 77 3,03 236 40 5090 

196 5,86 

Ave Rat io  3.02 Ave Rat io  6 , lZ 

- I 

amma-Aminobutyric 0 .  50 - - - 1150b 
* - 3.07 - BAcTa 0,25 655 2 1 3  

a, Height i n  c h a r t  u n i t s ,  Chart on log  scale 0 - 00, 
range of acceptab le  readings 0 .., 1000. 

b, This value approximate l i e s  beyond range of accu ra t e  
reading o f  t h e  c h a r t ,  
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LEGENDS FOR FIGURES 

Fig,, 1--Schematic drawing o f  f l u i d  flow, 

F i g ,  2--Electrical  c i r c u i t  f o r  valve control,  
Section A i s  i n s t a l l e d  i n  the  120-C as delivered, 
Section B i s  the added c i rcu i try ,  Dashed l i n e s  
indicate o r i  i n a l  c ircuitry, ,  1 indicates  connec- 
t ien o f  adde, Jf circuitry tu e r i g i c a l ,  
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